Jp 96321499 Machine Translation - FirstPass 



(19) MSfTB] B*BB»ttff t (JP) 

(12) ititimm Qmrn'm (a) 

(11) [SISf] f#H8¥8-3 2 1 4 9 9 

(43) [i v RB] T*8* (1 996) 1 2fl3B 

(54) [«B0>«&] S*ft^*IBlfi*tf*©»J*»a 
(51) [HBtifttMBfteffitt 

H01L 21/314 
21/205 
21/3065 
21/31 
21/316 

CF I] 
H01L 21/314 A 
21/205 
21/31 
21/316 
' 21/302 

[it *«®n] i s 

(21) [tiJHft#] »8-62 7 97 



C 
X 

c 



(22) [fcBSB] (1 996) 3^190 

(3D immm%) ®my i - e 1 o o s 

(32) [ff 5fe 0} ¥7 (1 995) 3fl2O0 

(33) [&5fe*t±3SS] 0* (J P) 



(19) [Publication Office] Japanese Patent Office (JP)DD 

(12) [Kind of Document] Japan Unexamined Patent Publication ( 
A) 

(11) [Publication Number of Unexamined Application (A) ] Japan 
Unexamined Patent Publication Hei 8 - 321499 

(43) [Publication Date of Unexamined Application] 1996 (1996) 
December 3 days 

(54) [Title of Invention] SILICON COMPOUND MEMBRANE A 

ND ITS FORMATION METHOD 

(51) [International Patent Classification 6th Edition] 

H01L21/314 

21/205 

21/3065 

21/31 

21/31 6 

[Fl] 

H01L21/314 A 
21/205 

21/31 C 
21/316 X 
21/302 C 

[Request for Examination] Examination not requested 
[Number of Claims] 1 5 
[Form of Application] OL 
[Number of Pages in Document] 7 

(21) [Application Number] Japan Patent Application Hei 8 - 6279 
7 

(22) [Application Date] 1996 (1996) March 19 day 

(31) [Priority Application Number] Japan Patent Application Hei 
7 - 61005 

(32) [Priority Date] Flat 7(1995) March 20 day 

(33) [Priority Country] Japan (JP) 



ISTA's ConvertedKokai(tm), Version 1.2 (There may be errors in the above translation. ISTA cannot 
be held liable for any detriment from its use. WWW: http://www.mtkcience.com Tel:800-430-5727) 



P.l 



JP 96321499 Machine Translation - FirstPass 



'(71) [tfJHA] 
C.WJS^] 000005223 

tfimXIiJSBr] «3ilJil*IiWHr*ISB±^EB«l>4T§ 1 

(72) i%m) 

[ft*] fiUU «- 

[teffiXligBi] fcjfSJill|tJlWilr*ISB±'J*B*i o 1 5 

(72) [ftWtf 

OJP « 

cemxiism] «i^jii©jiWTti«isE±'j>ffl*i o 1 s 

(72) MW*] 
[£«] *EB g& 

(72) 

[ft* 3 KlU 

[ttBrXliBHr] a*Jil*Jil*ifr*IRB.h'J*H4>i o 1 5 
»±aM*St*ttrt 

(74) umx] 

im±) 

(57) ism 

l^, *S14aWK<, J^"3» K*79X"7«Hi 
l=*y«ft*Slt*ci:ffl<i:L\Kt»j*rSwi:AnTll|-C 



(1) 



r'kSI R 2 4- x 



(71) [Applicant] 
[Applicant Code] 000005223 

[Name] FUJITSU LTD. (DB 69-053-5281) 

[Address] Kanagawa Prefecture Kawasaki City Nakahara-ku Kamik 
odanaka 4-1-1 

(72) [Inventor] 

[Name] Fukuyama Sunichi 

[Address] Inside of Kanagawa Prefecture Kawasaki City Nakahara- 
ku Kamikodanaka 101 5 Fujitsu Ltd. (DB 69-053-5281) 

(72) [Inventor] 

[Name] Yamaguchi castle 

[Address] Inside of Kanagawa Prefecture Kawasaki City Nakahara- 
ku Kamikodanaka 101 5 Fujitsu Ltd. (DB 69-053-5281) 

(72) [Inventor] 

[Name] Nakata Yoshihiro 

[Address] Inside of Kanagawa Prefecture Kawasaki City Nakahara- 
ku Kamikodanaka 101 5 Fujitsu Ltd. (DB 69-053-5281) 

(72) [Inventor] 

[Name] Katayama Rinko 

[Address] Inside of Kanagawa Prefecture Kawasaki City Nakahara- 
ku Kamikodanaka 1015 Fujitsu Ltd. (DB 69-05 3-528 1 ) 

(74) [Attorneys) Representing All Applicants] 

[Patent Attorney] 

(57) [Abstract] 

[Problem] Oxidation and disassembly are not caused with thermal 
processing step which is usedfor semiconductor manufacture step, 
it is possible, to form film which does not havethe fact that 
moisture absorption is low, at same time, receives oxidationwith 
oxygen plasma treatment material which can actualize dielectric 
constant of 3. 0 or below isoffered. 

[Means of Solution] Below-mentioned General Formula ( 1 ) , 
R'xSR^-x (1) 

It consists of fluorocarbon group-contai ning silicon compound by 
doing plasma CVD in atmosphere whichincludes gas of fluorine 
containing organosilane compound which is displayed with (In 
above equation, R 1 displays carbon number 1 to 6 alkyl group, 
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R 2 displays thehydrogen atom or carbon number 1 to 3 alkoxy 
group, x is integer of 1 to 3, ), wasinduced from organosilane 
compound and fluorine or fluorine compound , it obtains thesilicon 
compound film which possesses dielectric constant of 3. 0 or below. 



TfB«flS5t (1) , 
R 1 x S i RVx (1) C±3t«, R 1 tttt 



[Claim(s)] 

[Claim 1] Below-mentioned General Formula (1 ) , 

Silicon compound film which consists of fluorocarbon group-con t 
a ining silicon compound wliich it acquires by doing theplasma C V P 
in atmosphere which includes gas of fluorine containing 
organosilane compound which wasinduced from organosilane 
compound and fluorine or fluorine compound being displayed 
withthe R 1 x Si R 2 4- x (1) (In above equation, R 1 
displays carbon number 1 to 6 alkyl group, R 2 displays 
thehydrogen atom or carbon number 1 to 3 alkoxy group, x is 
integer of 1 to 3. ) possesses dielectric constant of 3. 0 or below. 



1 tmomitsmmo 



[»*«3] Tia-ttst ok 

R'x Si R 2 4-x (1) 

(±st<K r 1 iiK*tti-e©7;u*;u**au R 2 

!/fc£ft©#X*afc#ffl**T?:^ X7CVD *{t 



[Qaim 2] Silicon compound film which is stated in Claim 1 wher 
e carbon fluoride group-containing silicon compound is carbon 
fluoride group-containing silicon oxide compound ,the carbon 
fluoride group-containing nitriding silicon compound or carbon 
fluoride group-containing nitriding silicon oxide compound. 

[Claim 3] Below-mentioned General Formula (1) , 

R 1 xSi R 2 4-x (1) 

Formation method of silicon compound film which designates tha 
t plasma CVD is done in theatmosphere which includes gas of 
fluorine containing organosilane compound which 'was induced 
from theorganosilane compound and -fluorine or fluorine 
compound which are displayed with (In above equation, R 1 
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compound which are displayed with (In above equation, R 
displays carbon number 1 to 6 alkyl group, R 2 displays 
thehydrogen atom or carbon number 1 to 3 alkoxy group, x is 
integer of 1 to 3. ) asfeature. 

tCjKm 4] Plasma CVD is done in atmosphere which includes with 
gas and theoxygen gas , nitrogen gas or nitrogen oxide gas of 
fluorine containing organosilane compound, method which is 
statedin Claim 3 where fluorocarbon group-containing silicon 
oxide compound , fluorocarbon group-containing nitriding silicon 
compound or fluorocarbon group-containing nitriding silicon oxide 
compound are formed. 

[Claim 5] Method which is stated in Claim 3 or 4 where gas prod 
uction and plasma CVDof fluorine containing organosilane 
compound are done in same chamber. 

[Claim 6] Forming gas of fluorine containing organosilane compo 
und in chamber of 1st, method which is stated in Claim 3 or 4 
which introduces this gas into thechamber of 2nd next, does 
plasma CVD in chamber of this 2nd. 

[Claim 7] Fluorine compound, is fluoride nitrogen compound or 
carbon fluoride compound, method which is stated in theany of 
Claim 3 to 6. 

[Claim 8] Semiconductor device which includes silicon compound 
membrane which is stated in Claim 1 or 2 as theinsulating film. 

[Claim 9] Semiconductor device which includes silicon compound 
membrane which is stated in Claim 1 or 2 as themoisture 
resistance protective film. 

[Claim 10] Below-mentioned General Foimula (2) , 
R 3 3Si CF3 (2) 

Silicon compound film which consists of fluorocarbon group-cont 
aining silicon compound which is acquired by doing theplasma CVD 
in atmosphere which includes oiganosilane compound and oxygen 
gas which aredisplayed with (In above equation, R 3 displays 
carbon number 1 to 6 alkyl group or alkoxy group. ), 

[Claim 11] Below-mentioned General Fonnula (2) , 



R 3Si CF3 



(2) 



Formation method of silicon compound film which designates tha 
t plasma CVD is done in theatmosphere which includes 
organosilane compound and oxygen gas which are displayed 
withthe (In above equation, R 3 displays carbon number 1 to 6 
alkyl group or alkoxy group. ) as feature. 

[Claim 1 2] Method which is stated in Claim., 1 1 where fluorine ga 
s is added in theaforementioned atmosphere. 

[Claim 1 3] Fluorine gas fluorocarbon , method which is stated in 



ISTA's ConvertedKokai(tm), Version 1.2 (There may be errors in the above translation. ISTA cannot 
be held liable for any detriment from its use, WWW: httpy/www.intlscience.com Tel:800-430-5727) 



P.4 



HP 96321499 Machine Translation - FlrstPass 



Claim 12 which isthe F2 or NF3 a gas. 



[Claim 14] Semiconductor device which includes silicon compoun 
d membrane which is stated in Claim 10 as theinsulating film. 

[Qaim 15] Semiconductor device which includes silicon compoun 
d membrane which is stated in Claim 10 as themoisture resistance 
protective film. 



[000 1] 
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[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards silicon 
compound membrane and its manufacturing method, membrane 
which is acquired by formation method of silicon compound 
membrane of this invention tobe low dielectric constant, 
furthermore moisture absorption is low. Therefore, making use of 
this silicon compound membrane, as for integrated circuit which it 
formed,it becomes possible to offer high speed device where wire 
delay is little. In addition, this silicon compound membrane, 
because it has consisted of Si - perfluoro group , is thematerial 
which it can withstand enzyme plasma treatment which with 
semiconductor manufacture step is used,the low dielectric constant 
is kept through production step, 

[0002] 

[Prior Art] Attendant upon improvement of degree of integration 
of semiconductor integrated circuit, as surface stepof element 
formation becomes large, it is approached necessary to makethe 
metallization thick in order to prevent increase of metallization 
resistance with thenarrowing of metallization. On one hand, wire 
delay (t) in metallization resistance (R) and capacity (C) between 
metallizationinfluence receiving, 

T-kCR 

So (k is constant. ) which is displayed. Therefore, as method in 
order to decrease wire delay, methodwhich lowers metallization 
resistance, method which decreases can list dielectric constant of 
insulating film, this invention is method which decreases wire 
delay with permittivity reduction of the insulating film. From 
until recently, as insulating material, Si02 type material due to the 
chemical vapor phase deposition method (CVD) was used. With 
CVD system material most dielectric constant was approximately 
4.0 with Si02of low dielectric constant. As low dielectric 
constant CVD film, recently SiO F-based material is widely 
examined, but dielectric constant isthe 3.0 to 3.5, there is a 
problem that you can see rise of dielectric constaatwith absorbed 
moisture. In addition, for a long time as for fluoro carbon type 
polymer which is known, thermal decomposition temperature 
isthe 400 °C or below as low dielectric constant material, in 
order with temperature of 400 °C or higher which isused with 
semiconductor manufacturing process to cause thermal 
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decomposition utilization has becomedifficult. 



[0003] 

tt*©CVDBI4S I 02 3R*f»^ffl^6*irL>Sfcdt), 
tfflBWtf«**ftt:tt'<T4. 034*6 3. 0-3. 5 



[0003] 

[Problems to be Solved by the Invention] Above-mentioned way h 
igh speed device which uses low dielectric constant insulating film 
is examined. But, as for conventional CVD membrane because . 
Si02 type material is used, permittivity reduction with 
conventional materialtype is difficult In addition, SiOF film 
which was formed making use of tetrafunctional silane source 
andthe fluorine type gas, dielectric constant is a problem that you 
can see rise of dielectric constantwith absorbed moisture of those 
which decrease to with 4. 0 to 3 .0 to 3.5 in comparisonwith 
conventional material. 



[0004] mmosmt. c*i6©Het«at"«c: 
tQte^mmf&*£zttf'$mvthV, 3. ocit©» 
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R' x S I R 2 4-x ( 1 ) 

MBBi~3©7;u*;u£*«U R 2 ii*BB* *fctt 
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X«t?*HK«l>Tf^5XvcVDtf73Ci:l=J:y»6 

*ifc7yfctt*at**a*fl:A*fr6tty, 3. obit© 



[0006] z©a*d*fcft*«ii, ±K- 

text (1) tfa**L**«->5>fc^*t7 7**fcfi7 

©*rxt*t?»Ha*-c^5X-7cvD*fT3cti=cfey 
ffsct*r#4ti©TfA* 0 ±E©??***r 
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^ftft»ffl#XfcB**Xfct^t?»BK*-e3f5X-7C 
VDtfTxli7'vfcBBftd*Bft:eSft:^*B^»6*t 
, 7^*«**«S/5>ft^*ffl^XtBftBSR*Xtt 



[0004] It is possible, to form film which does not have fact that as 
for object of this invention, there are times when these problem 
arecancelled, they do not cause oxidation and disassembly with 
thermal processing stepwhich is used for semiconductor 
manufacture step, they receive oxidation with oxygen plasma 
treatment itis to offer material whose it is possible to actualize 
dielectric constant ofthe 3. Q or below. Furthermore, it is to offer 
film and its manufacturing method where moisture absorption 
islow, does not cause hydrolysis due to absorbed moisture. 

[0005] 

[Means to Solve the Problems] According to this invention, in ord 
er to solve above-mentioned problem,the below-mentioned 
General Formula (1) , 

R l xSiR 2 4-x (1) 

It consists of fluorocarbon group-containing silicon compound whi 
ch it acquires by doing plasma CVD in theatmosphere which 
includes gas of fluorine containing organosilane compound which 
was induced from theorganosilane compound and fluorine or 
fluorine compound being displayed with (In above equation, R 1 
displays carbon number 1 to 6 alkyl group and preferably carbon 
number 1 to 3 alkyl group, Redisplays hydrogen atom or carbon 
number 1 to 3 alkoxy group, x is integer of 1 to 3. ), thesilicon 
compound film which possesses dielectric constant of 3. 0 or below 
is offered. 

[0006] This silicon content compound film of namely, is somethi 
ng which can beacquired by doing plasma CVD in. atmosphere 
which includes gas ofthe fluorine containing organosilane 
compound which was induced from organosilane compound and 
fluorine or fluorine compound which are displayed with above- 
mentioned General Formula (1). fluorocarbon gro Tip-containing 
silicon oxide compound film is acquired by doing plasma CVD in 
atmosphere which includeswith gas and oxygen gas of for example 
above-mentioned fluorine containing organosilane compound. If 
in same way, plasma CVD is done in atmosphere 'which includes 
withthe gas and nitrogen gas of above-mentioned fluorine 
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containing organosilane compound, fluorocarbon group-containing 
nitriding silicon compound film isacquired, if plasma CVD is done 
in atmosphere which includes with thegas and nitrogen oxide gas of 
fluorine containing organosilane compound fluorocarbon group- 
containing nitriding silicon oxide compound film is acquired. 

[0007] Regarding to this invention, gas production and plasma CV 
D of fluorine containing organosilane compound may bedone in 
same chamber, or in separate chamber to be done arepossible. 
When it does with gas production and plasma CVD of fluorine 
containing organosilane compound in separatecharnber, forming 
gas of fluorine containing organosilane compound in chamber of 
1st, introduces this gas into chamber of 2nd next, it is possibleto 
do plasma CVD in chamber of this 2nd. 

[O0O8] Gas of fluorine containing organosilane compound is acquir 
ed of organosilane compound and by reactionwith fluorine or 
fluorine compound which is displayed with theabove-mentioned 
General Formula (1). Here, fluorine is fluorine gas, as for fluorine 
compound it is good to be agas of NF3 or other fluoride nitrogen 
compound or a gas of C2F6 or other fluorocarbon compound. As 
for this invention, in addition, below-mentioned General Formula 
(2), 

R 3 3Si CF3 (2) 

Silicon compound film which consists of fluorocarbon group-conta 
ining silicon compound which is acquired by doing theplasma CVD 
in atmosphere which includes organosilane compound and oxygen 
gas which aredisplayed with (In above equation, R 3 displays 
carbon number 1 to 6 alkyl group or alkoxy group. ) is offered. 

[0009] It can acquire this silicon compound film, by doing plasma 
CVD in atmosphere whichincludes organosilane compound and 
oxygen gas which are displayed with theabove-mentioned General 
Formula (2). Regarding to this method, it is possible to add 
fluorine gas in theaforementioned atmosphere, this fluorine gas, 
preferably , fluorocarbon , is F2or NF3 gas. 

[0010] 

[Work or Operations of the Invention] Silicon compound membra 
ne which relates to this invention consists of fluorocarbon group- 
containing silicon compound whichpossesses SiCFx connection, 
formation of low dielectric constant film is possible. In addition, 
low dielectric constant film which was formed is difficult to receive 
thepyrolysis and oxidation with semiconductor manufacture step. 
Furthermore, moisture absorption is low, to cause dielectric 
constant change can maintain thelow dielectric constant difficult 
in damaging. In addition, also it is possible to control stress by 
changing theflow ratio of introduced gas. Therefore, silicon 
compound membrane of this invention as insulating film or 
moisture resistance protective film by using,be able to acquire 
semiconductor device of high reliability, high speed device where 
wire delayis little can be actualized. 
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POWER :*JBa (1 3. 56MHz )/BOW 
(2 5 0KHz )/9 0W 
: 5Torr 
ttttaA: 4 0 0°C 
tUERIEK: 2 5 0mils 

#X#E: ^UhU*h**>>7> : C2 Fs : 02 = 
480:700:350 seem 

(fcfc'U hyxh^>S/5>l4He/<^«J>yiC 
KJg&fi : 5 0 0 A/» 

■±|::ttt*»rtU 8MW*MSLfctt** = 2. 5 ( 
ASKS 1 MHz ) ffl«-e*4cfctf«B"e*fc 0 



[0 0 13] ±EfcH-OftfrTI=, E$J?8 0 0 

OA. ft'MRMO. 5/im»7JU5Elft*ISLfcaMR±lc 
z©MIB*»l*U 5 0 0WM1U 7 



[0 0 14] Xftfl)2 

5 ©CD 'J ^t~val/-$ * #J*Lfc*lS±|-JMMI 1 
<f«xfeBlWi*MS«1 fcH»©ftftT?»*LfcT EOS 



[0011] 

[Working Example(s)] Working Example is listed below, this inve 
nlion furthermore is explained. 

Working Example 1 

Making use of parallel flat plate type plasma CVD equipment, with 
condition below thin film ofepproximately 0. 5 jini thick was 
formed on Si flat sheet. 

[0012] 

POWER: High frequency (13.56 MHz J/80W 
Low frequency (250 KHz )/90W 
Pressure : 5 Torr 
Substrate temperature : 400 °C 
Electrode spacing : 250 mil s 

Gas partial pressure : Methyl triethoxysilane : CzF6 : 02 =480:70 
0:350 seem 

(However, we introduce methyl triethoxysilane to inside chamber 
with He bubbling , itis a flow of He. ) 

Film production speed : 500 A per minute 

Infrared absoiption spectrum of thin film which it formed is show 
n in Figure 1. It understands that this thin film has Si - CF 
connection from Figure 1. It could form electrode on this 
membrane, it could verily that it is amembrane of result s-2. 
5(frequency 1 MHz ) which measured dielectric constant. 

[0013] Next, under same condition as description above, metalliza 
tion fluckBOOOA , it formed this insulating film on substrate 
which administers aluminum metallizationof minimum linewidth 0. 
5 jim thermal processing did with 500 °C, furthermore when 
oxygen plasma treatment was done, film reduction or cracking 
were not seen. In addition, 1 week after leaving, as for result re- 
ofineasuring dielectric constant, as for change of dielectric 
constant it was not completelyrecognized in atmosphere. It was 
verified even with measurement of adsorbed water with 
temperature rise liberation gas analysis thatit is a amount of 
adsorbed water which is equal to CVD - SiN film. 

[0014] Working Example 2 

Thin film is formed with condition which is similar to Working Ex 
ample 1 pnthe substrate which 5 formed ring oscillator, in order 
for ring oscillator toconnect to series array, through hole is 
formed, To second layer metallization substrate which was 
formed, As comparative material charge other than changing gas 
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[00 16] 

POWER :ftJStt (1 3. 56«Hz )/8 0W 
{EM (2 50 KHz ) /90W 
E£ : 5Torr 
SffiSS: 4 0 0°C 
BttHilEIK: 2 5 0mils 

#X»E: >^;U->5> : C2 Fe : 02 = 2 0 : 7 0 0 
: 3 5 0 seem 

HR&S: 5 0 0A/» 

£©K±i::«I*#rtU Kl^*S f JSL/i$SSe = 2. 
5 (flttftittte ) 0)StfcS:tili!T^/:o 



[0 0 17] fc|=, ±KfcH-©*ttTlc, ElftffBOO 
C0)l6Ktt*»rtU 5 0 0°crMIU 



[0 0 18] ttttflii 

¥fT¥<Sfi^X7CVDttl*JBL\ BlT©*frtfs 1 



POWER :ftAX (1 3. 56MHz ) /80W 



partial pressure as insulating film, substratewhich uses TEOS - S1O2 
film which was formed with condition which is similarto Working 
Example 1 was prepared. 

[0015] As for result of comparing wire delay of respective substrat 
e, itunderstood that wire delay shortening of approximately 25 % 
is possible inthe substrate which uses insulating film due to this 
invention. 

Working Example 3 

Making use of parallel flat plate type plasma CVD equipment, with 
condition below thin film ofapproximately 0.5 jorn thick was 
formed on Si flat sheet. 

[0016] 

POWER: High frequency (13.56 MHz )/80W 

Low frequency (250 KHz )/90W 

Pressure : 5 Torr 

Substrate temperature : 400 °C 

Electrode spacing : 250 mil s 

Gas partial pressure : Methylsilane : C2F6 : O2 =20:700:350 seem 

Film production speed : 500 A per minute 

As for infrared absorption spectrum of thin film which it formed it 
understands that thisthin film has Si - CF connection from fact 
that it is similar to theFigure 1. It could form electrode on this 
membrane, it could verify that it is amembrane of result 6=2. 
5(frequency 1 MHz ) which measured dielectric constant. 

[0017] Next, under same condition as description above, metalliza 
tion thick8000 A , it formed this insulating film on substrate 
which administers aluminum metallizationof minimum linewidth 0. 
5 pin thermal processing did with 500 °C, furthermore when 
oxygen plasma treatment was done, film reduction or cracking 
were not seen. In addition, 1 week after leaving, as for result re- 
ofineasuring dielectric constant, as for change of dielectric 
constant it was not completelyrecognized in atmosphere. It was 
verified even with measurement of adsorbed water with 
temperature rise liberation gas analysis thatit is a amount of 
adsorbed water which is equal to CVD - SiN film. 

[0018] Comparative Example 1 

Making use of parallel flat plate type plasma CVD equipment, with 
condition below thin film ofapproximately 0.5 jjtrn thick was 
formed on Si flat sheet. 

POWER: High frequency (13.56 MHz )/80W 
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Low frequency (250 KHz )/90W 
Pressure : 5 Torr 
Substrate temperature : 400 °C 
Electrode spacing : 250 mil s 

Gas partial pressure : Tetraethoxysilane : C2F6 : 02 =480:700:350 
seem 

(However, we introduce tetraethoxysilane to inside chamber with 
He bubbling, itis a flow of He. ) 

Film production speed : 500 A per minute 

It could form electrode on this membrane, it could verify that it is 
amembrane of result s=3.2(frequency 1 MHz ) which measured 
dielectric constant. , 

[0019] Next, under same condition as description above, metalliza 
tion thick8000 A , it formed this insulating film on substrate 
which administers aluminum metallizationof minimum linewidth 0. 
5 ^m thermal processing did with 500 °C, furthermore when 
oxygen plasma treatment was done, film reduction or cracking 
were not seen. But, in atmosphere 1 week after leaving, when 
dielectric constant re-wasmeasured, e-5.4(frequency 1 MHz ) and 
dielectric constant rose. With measurement of adsorbed water, 
amount of adsorbed water approximately one magnitudeincreasing 
was verified by temperature rise liberation gas analysis . 

[0020] Working Example 4 

Making use of parallel flat plate type plasma CVD equipment, it re 
acted first with condition below. 

POWER: High frequency (13.56 MHz )/80W 
Low frequency (250 KHz )/90W 
Pressure : 5 Ton- 
Temperature : 400 °C 

Gate partial pressure : Methyl triethoxysilane : NF3 =480:700 seem 

(However, we introduce methyl triethoxysilane to inside chamber 
with He bubbling , ids a flow of He. ) 

Next, reactive gas which is formed as description above was moved 
to theequipment which possesses same constitution, under 
following conditionthe thin film of approximately 0.5 jim thick 
was formed on Si flat plate in in thisequipment. 

[0021] 
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POWER: High frequency (13.56 MHz )/80W 

Low frequency (250 KHz )/90W 

Pressure ; 5 Ton* 

Substrate temperature : 400 °C 

Electrode spacing : 250 mil s 

Gas partial pressure : Above-mentioned reactive gas : O2 =350:350 
seem 

Film production speed : 3000 A per minute 

Because of this, thin film which is almost equal to Working Exam 
pie lacquired. 

[0022] Working Example 5 

Making use of parallel flat plate type plasma CVD equipment, with 
condition below thin film ofapproximately 0.5 thick was 
formed on Si flat sheet. 

Applied power; 13.56 MHz /300W 

Pressure : 5.0 Torr 

Substrate temperature : 400 °C 

Electrode spacing : 250 mil s 

Gas partial pressure : Tetraethoxysilane : CF4 -100:500 seem 

(However, we introduce tetraethoxysilane to inside chamber with 
He bubbling , itis a flow of He. ) 

Element concentration of C,F, Si and O which is introduced into th 
in film which itformed is shown in figure 2. It understands that 
this thin film has Si - CF connection from Figure 2. It could form 
electrode on this membrane, it could verify that it is amembrane 
of result s=2.5(frequency 1 MHz ) which measured dielectric 
constant. 

[0023] Next, under same condition as description above, metalliza 
tion thick8000 A , it formed this insulating film on substrate 
which administers aluminum metallizationof minimum linewidth 0. 
5 jun to show in Figure 3, thermal processing did -with 500 °C, 
furthermore when oxygen plasma treatment was done, film 
reduction or cracking were notseen. In addition, 2 weeks after 
leaving, as for result re-ofineasuiing dielectric constant, as for 
change of dielectric constant it was not completelyTecognized in 
atmosphere, ( Figure 4 ). 

[0024] Working Example 6 
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Making use of parallel flat plate type plasma CVD equipment, with 
condition below thin film ofapproximately 0.5 jim thick was 
formed on Si flat sheet. 

Applied power : 13.56 MHz /300W 

Pressure ; 1.0 Torr 

Substrate temperature : 350 °C 

Electrode spacing : 250 mil s 

Gas partial pressure : (CH3 ) 3 Si CF3 : 02 =200:300 seem 

(However, (CH3 ) We introduce 3 Si CF3 to inside chamber with A 
r bubbling , it is aflow of Ar. ) 

Infrared absorption spectrum of thin film which it formed in Figur 
e 5, in addition theXPS chart is shown in Figure 6. It understands 
that this thin film has Si - CF connection from Figure 5 and Figure 
6. It could form electrode on this membrane, it could verify that 
it is amembrane of result 6=2, 51 (frequency 1 MHz ) which 
measured dielectric constant. 

[0025] Next, under same condition as description above, metalliza 
tion thick8000 A , this insulating film was formed on substrate 
which administers aluminum metallizationof minimum linewidth 0. 
5 jam to show in Figure 3, when thermal processing was done 
with the500 °C, occurrence of film reduction or crack was not 
seen. In addition, 2 weeks after leaving, as for result re- 
ofrneasuring dielectric constant, as for change of dielectric 
constant it was not completelyrecognized in atmosphere, ( Figure 
7 ). Furthermore, change was not recognized even with 
measurement of theadsorbed water with temperature rise 
liberation gas analysis ( Figure 8 ). 

[0026] Working Example 7 

In order on substrate which 5 formed ring oscillator -, under thee 
ondition which is similar to Working Example 6, thin film is 
formed, for the ring oscillator - to connect to series array, 
providing through hole, To second layer substrate which was 
formed, Other than changing gas composition as relative 
material, as Working Example 6 thesubstrate which formed 
tetraethoxysilane - SiOa film with same condition was used. 

[0027] As for result of comparing wire delay of respective substrat 
e, thesubstrate which uses insulating film due to t±iis invention it 
could recognize thefact that wire delay shortening of 
approximately 25 % is possible. 

Working Example 8 

Making use of parallel flat plate type plasma CVD equipment, with 
condition below thin film ofapproximately 0. 5 jxrn thick was 
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formed on Si flat sheet. 
[0028] Applied power : 13.56 MHz /300W 
Pressure : 1.0 Ton- 
Substrate temperature : 350 °C 
Electrode spacing : 250 mil s 

Gas partial pressure : (CH3 ) 3 Si CF3 : CF4 : O2 =200:100:300 sc 
cm 

Infrared absorption spectrum of thin film which it formed in Figur 
e 9, in addition theXPS chart is shown in Figure 10. It understands 
that this thin film has Si - CF connection from Figure 9 and Figure 
10. It could form electrode on this membrane, it could verify that 
it is amernbrane of result b-2. 51 (frequency 1 MHz ) which 
measured dielectric constant. 

[0029] Next, under same condition as description above, metalliza 
tion thick8000 A , this insulating film was formed on substrate 
which administers aluminum metallizationof minimum linewidth 0. 
5 jim, when thermal processing was done with 500 °C, 
occurrence ofthe film reduction or crack was not seen, In 
addition, 2 weeks after leaving, as for result re-ofrneasuring 
dielectric constant, as for change of dielectric constant it was not 
completelyrecognized in atmosphere, ( Figure 7 ). Furthermore, 
change was not recognized even with measurement of theadsorbed 
water with temperature rise liberation gas analysis ( Figure 8 ). 

[0030] Comparative Example 2 

Making use of parallel flat plate type plasma C VD equipment, with 
condition below thin film ofapproximately 0.5 jan thick was ■ 
formed on Si flat sheet. 

Applied power : 13.56 MHz /300W 

Pressure : 1.0 Torr 

Substrate temperature : 350 °C 

Electrode spacing : 250 mil s 

Gas partial pressure : SiH4 : CF4 =200:300 seem 

It could form electrode on this membrane, it could verify that it is 
amernbrane of result e=3.20(frequency 1 MHz) which measured 
dielectric constant. 

[0031] Next, under same condition as description above, metalliza 
tion thick8000 A , this insulating film was formed on substrate 
which administers aluminum metallizationof minirnum linewidth 0. 
5 jim, when thermal processing was done with 5O0 °C, 
occurrence ofthe film reduction or crack was not seen. But, 2 
weeks after leaving, as for result re-of measuring thedielectric 
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constant, s=3.20(frequency 1 MHz ) and dielectric constant had 
inoreasedin atmosphere, ( Figure 7 ). Furthermore, with 
measurement of adsorbed water with temperature rise liberation 
gas analysis,approximately 1 order having increased it could 
recognize amount of adsorbed water, ( Figure 8 ). 

[0032] 

[Effects of the Invention] Silicon compound film which relates to 
this invention shows low dielectric constant, in additionformation 
of insulating film where moisture absorption is low, possesses low 
dielectric constant ispossible, is effective in decrease of wire delay. 
Therefore, as high speed device is actualized, semiconductor 
integrated circuit and circuit board wherethe reliability is high can 
be offered. 



[Brief Explanation of the Drawing(s)] 

[Figure 1] Infrared absorption spectrum of thin film which is acqui 
red with Working Example. 

[Figure 2] Graph which shows element concentration of C,F, Si an 
d O which is introduced intothe thin film which is acquired with 
Working Example. 

[Figure 3] Schematic diagram in order to explain thermal processi 
ng test of aluminum lead formation process and theCVD thin film 
which are used with Working Example. 

[Figure 4] Graph of change over time of dielectric constant of thi 
n film which is acquiredwith Working Example. 

[Figure 5] Infrared absorption spectrum of thin film which is acqui 
red with Working Example. 

[Figure 6] XPS chart of thin film which is acquired with Working 
Example. 

[Figure 7] Graph of change over time of dielectric constant of thi 
n film which is acquiredwith Working Example. 

[Figure 8] Graph of amount of adsorbed water of thin film which i 
s acquired with Working Example. 

[Figure 9] Infrared absorption spectrum of thin film which is acqui 
red with Working Example. 

[Figure 10] XPS chart of thin film which is acquired with Working 
Example. 
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